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Susceptibility of Some Maize Cultivars in Nigeria to Infestation
and Damage by Maize Weevil, Sitophilus zeamais (Motsch.)

(Coleoptera: Curculionidae)

ADEDIRE, e.o., AKINKUROLERE, R. O.* and AJAYI, O. O.
*Biology Department, Federal University of Technology, P.M.B. 704,Akure, Nigeria

Nig. J. Ent. 28:55-63 (2011)
Abstract. The susceptibility of eleven maize cultivars to Sitophilus zeamais Motschulsky was
investigated in the laboratory at 28 ± 2°C and 75 ± 5% relative humidity. The cultivars namely:
T2BRCOMP.F2, T2BRELD.3C4, IWDSTRC1, TPB-SRPOOLC3W, BR928-DMRSRF2,
EVIWFSTRC1, T2BRCOMP.2F2, LNTP-YCsF2, BR9943-DMRSF2, BR92-DMRSRF2, and
LNP-WXLNTPC1F2, were obtained from the Maize Programme Unit, International Institute
for Tropical Agriculture (UTA) Ibadan. Grain damage by the maize weevil and the growth
performance of the weevils on the different cultivars were investigated using percentage weight
loss, number of damaged seeds, percentage grain damage, and number of eggs laid as indices.
Results showed that cultivars T2BRELD.3C4 and BR928-DMRSRF2, with percentage grain
damage of2.84% and 3.15%, respectively, were the least susceptible. Cultivars LNTP-YCsF2
and BR9943-DMRSF2• with percentage grain damage of 40.38% and 38.43%, respectively,
were significantly (P<0.05) the most susceptible. Generally, the cultivars had significant (FIO•22

= 7.514, P = 0.001) effect on the number of eggs laid by S. zeamais. Results also showed that
more eggs were laid on cultivars LNTP-YCsF2 (8.33) and BR9943-DMRSF2 (8.00) than on
other cultivars. No egg was laid on cultivar T2BRELD .3C4. The findings from this study suggest
that planting the resistant maize cultivars such as T2BRELD.3C4 may reduce infestation and
damage to grain by S. zeamais and enhance the shelflife of maize.

Keywords: Grain damage, maize cultivars, Sitophilus zeamais, susceptibility, viability.

INTRODUCTION metric tons (Adesuyi, 1979).
The colour of maize grains differs with

cultivars ranging from white to yellow, red and
purple to black. Also, the chemical
composition of maize varies with different
maize cultivars (Adegbola, 1990; 1992). In
Africa, maize is consumed boiled, cooked or
roasted, while in America it is fried or baked
(Food andAgriculture Organization, 1998).

Maize is often heavily infested in the
tropics by various vertebrate and invertebrate
pests which include rodents and insects, the
most important of these being the marze

Maize, Zea mays L. is a major component in
the diet ofthe people of sub-SaharanAfrica. It
is the third most important cereal crop grown
in Nigeria, next only to sorghum and millet
(Olufade, 1974; Adegbola, 1990). Maize is an
important staple food crop in Nigeria, with an
estimated national production of 5.2 million
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against S. zeamais has gained popularity
(Abebeetal., 2009).

Varietal differences in the susceptibility of
maize to infestation and damage by S. zeamais
have been observed (Adesuyi, 1979; Ashamo,
2001; Abebe et al., 2009). Nevertheless, the
use of less susceptible maize cultivars, in
conjunction with other control methods to
form an integrated pest management (IPM)
programme may provide a lasting system to
maintain insect population in stored maize at
an acceptable level in the tropics. Also, there is
a report of increased susceptibility of varieties
of crops to stored product insects (Morah and
Mbata, 1982; Amason et al., 1993, 2004;
Bamaiyi et al., 2007). Therefore, it becomes
pertinent to routinely screen new crop
varieties for resistance to insect pests of stored
product. It is against this background that this
study sought to assess the susceptibility of
eleven improved maize cultivars to infestation
by S. zeamais.
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weevil, Sitophilus zeamais (Adedire, 2001).
Post-harvest losses to storage insect pests such
as S. zeamais have been seen as an
increasingly important problem in Africa and
other tropical countries (Markham et al.,
1994). Infestation by this weevil commences
in the field, but most of the damage is done
during storage (Morah and Mbata, 1982;
Demissie et al., 2008). Damaged grains have
reduced nutritional values, impaired
germinability, reduced weight and market
values (Abebe et al., 2009). Losses ranging
from 20 to 90% due to S. zeamais infestation in
unprotected maize grains have been reported
(Delima, 1987; Gigaetal., 1991).

The devastating loss of stored products to
insect attack has therefore necessitated the use
of various measures to control maize weevils.
Methods employed in pest control include the
use of botanicals, biological control, cultural
control, hermetic storage, controlled
atmosphere, and chemical methods (Morah
and Mbata, 1982; Akinkurolere et al., 2006;
Demissie et al., 2008; Abebe et al., 2009).
Experimentally, seeds treated with certain
plant materials such as wood ash, plant oils
and plant powders have proven to be effective
in the control of S. zeamais infestation (Lale,
1995). However, the formulation of these
plant products into dosage and their adoption
for large scale storage has not been adequately
addressed. Synthetic chemical insecticides
are commonly used by maize farmers to
protect grains from infestation (Adams and
Schulten. 1996). However, the widespread use
of insecticides for the control of stored-
product insect pests is of global concern with
respect to environmental hazards, insecticide
resistance development, chemical residues in
food, side effects on non-target organisms and .
the associated high costs (Cherry et al., 2005;
Abebe eto,~_{zl.,2009). To this effect, the
development of alternative control strategies
such as the use of resistant maize cultivars

MATERIALS AND METHODS

Insect culture
Insects used for this study were obtained from
the stock culture of S. zeamais reared in the
Storage Research Laboratory, Biology
Department, Federal University of
Technology, Akure. These insects have been
maintained on whole maize for more than 12
generations without exposure to insecticides ..
Maize sample of the local white variety was
obtained from Oba market, Akure, Ondo State
and disinfested for 72 hours in a deep freezer.
The maize sample (200g) was measured into
glass containers (diameter 10cm and height
20cm) and 20 pairs of adult S. zeamais were
introduced into each container. Each container
was covered with muslin cloth held in place by
rubber band to allow adequate aeration and
prevent the escape of weevil or entry of
predatory ants. After 7 days, all adult weevils



zrity

tyof
nais
mo,
the
,m
; to
.M)
1 to
eat
e IS

ties
md
04;
[les
iOp
red
Ills
of
on

m
le
:y
)f
n
2
s.
IS

e
r,
o
tt
e
r,
I
f

AKINKUROLERE: SUSCEPTIBILITY OF SOME MAIZE CULTIVARS IN NIGERIA . 57

were removed and the culture was kept at 28 ±
2°C and 75 ± % r. h. for adult emergence.
Emerged adult weevils were used for the
study,

Maize cultivars
The eleven maize cultivars: T2BRCOMP.F2,
T 2BRELD. 3 C4, IWD S TRC 1> TPB-
SRPOOLC3W, BR928-DMRSRF2,
EVIWFSTRCI> T2BRCOMP.2F2, LNTP-
YC5F2, BR9943-DMRSF2, BR92-DMRSRF2,
and LNPWXLNTPCIF2 used in this study
were provided by the International Institute of
TropicalAgriculture (UTA), Ibadan, Nigeria.

Experimental procedure

Morphological characteristics of the grains
The physical characteristics of the maize
cultivars measured were colour, length,
breadth, and width. The colours were
observed visually while the length and width
of the seeds of each of the sampled maize
cultivar was measured using vernier caliper.
The weight was scored on a digital weighing
balance.

Determination of seed hardness of each maize
cultivar:
Ten seeds were randomly selected from each
cultivar and their strength was determined
using a compression machine (Model: 200063
Milano, Italy). A grain was placed on the beam
at a time and the lever was rolled down
gradually until the grain produced a cracking .
sound. The bearing ratio (strength) value was
read off and multiplied by a constant (23.8N)
to convert the value to Newton units.

Proximate composition analysis
Proximate compositions of each maize
cultivar were determined according to the
standard method. by AOAC (1990).

Percentage crude protein was determined by
multiplying True Nitrogen by 6.25. The
Nitrogen free extract or the carbohydrate
content of the sample was determined by
subtracting the sum of the ash content, protein
content, crude fibre and crude fat content from
100 on dry matter basis, i.e % carbohydrate =
100 - (% ash +% protein + % crude fat + %
·crude fibre).

Susceptibility of cultivars to Sitophilus
zeamais
Twenty grams of each maize cultivar was
weighed into plastic containers (12 em height
and 5 em diameter) and two pairs of adult S.
zeamais were introduced into each container.
The container was covered with muslin cloth
for aeration. This was replicated three times.
The insects were sexed using the methods of
Halstead (1963). Males were recognized by
their short and broad rostrum, but long and
narrow for the females. The infested maize
was left for 7 days in a wooden cage in the
laboratory during which the insects fed and
laid eggs. On the 7th day infestation, beetles
were removed and discarded. The total
number of eggs laid were counted and
recorded.

Eggplug determination
Egg plugs were identified according to the
procedures of Frankenfeld (1948). To prepare
acid fuchsin dye solution, 0.5g acid fuchsin
was added to a mixture of 50ml of glacial
acetic acid and 950ml distilled water. The
grains were soaked in warm water (about 50°-
·60°C) for 5minutes. The water was drained off
and the grains soaked with acid fuchsin
solution for 2 minutes. The dye solution was
poured out and the grains were washed in tap
water to remove excess dye. The grains were
left for 2 minutes after which they were

· examined under a dissecting microscope to
locate the gelatinous egg plugs which stained



cultivars
Maize grains (of each cultivar) obtained after
growth performance test above, were used in
this experiment. Clean un-infested grain from
each cultivar served as control. The grains
were treated with Apron plus so as to prevent
fungal growth. The treated grains (20 seeds/

"cultivar) and their control were placed
separately on a moistened filter paper inside
Petri dishes and left for 8 days. Thereafter, the
numbers of germinated seeds were counted
(Adedire andAkinkurolere, 2005). There were
5 replicates per cultivar.
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Table 1: Morphological characteristics of the eleven maize cultivars studied

Cultivars Colour Appearance Length (mm) Width (mm) Weight (g) Hardness*

®
T,BRCOMP.F, White Opaque 9.878'± 0.320 8.233'± 0.381 0.2378'±O.020 15.6oo'±1.317

T,BRELD.3C. White Opaque 11.670'± 0.310 8.233':i: 381 0.2378'± 0.020 19.500 boI± 1.472

IWDSTRC, White Opaque 11.700'±O.490 8.4000'± 0.160 0.2SS0K± 0.011 18.3S0bol± 1.428

TPB-SRPOOLC3W White Opaque 10.60S'" ± 0.481 8.27S'± 0.211 0.2890'± 0.010 16.2S0"'± 1.344

BR928-DMRSRF, Yellow Opaque 9.735'±O.3oo 8.7oo'± 0.220 0.2620'± 0.021 20.650d± 1.372

EVIWFSTRC, White Opaque 11.665' ± 0.381 7.8S5'± 0.120 0.2520' ± 0.020 16.950"':i: I.S15

T,BRCOMP.2F, Yellow Opaque 10.580"'± 0.6S2 8.560'± 0.381 0.3380'± 0.020 IS,2S'±1.302

LNTP-YC,F, Yellow Opaque 10.482"'±0.140 9.061'± 0.200 0.276O'± 0.021 11.0S0'± 1.128

BR9943-DMRSF, White Opaque 10.690"'±0.381 8.91S'± 0.120 0.226O'± 0.021 10.1S'± 1.062

BR92-DMRSRF, White Opaque 1O.230"'±O.121 8.430'± 0.221 O.277O'± 0361 IS.050' ± 1.293

LNP-WXLNTPCIF, White Opaque 1O.230"'± 0.141 0.2SS0"± 0.021 O.28OO'± 0.020 11.4S0'± 1.108

Each value is the mean ± standard error of three replicates.
Mean followed by different letter(s) in the same column are significantly different at P < 0.05 by Tukey's b test.
*values are in Newton.

cherry red. It was assumed that each plug
covered only one egg and each egg was
covered by one plug. Feeding puncture and
mechanical injuries were distinguished from
the gelatinous egg plug by their shiny surfaces.

Growth performance of Sitophilus zeamais
on different maize cultivars
Each cultivar of maze was weighed (50g) into.
plastic containers. Two pairs of adult S.
zeamais were introduced into the plastic
containers and covered with muslin cloth held
in place by a rubber band. The infested maize
was left inside awire-meshed cage for 90 days,
after which the numbers of dead and live
insects were counted, and at the same time, the
numbers of damaged and undamaged grains
were recorded. Also, the final weights of the
grains and frass (insect excreta) were
determined as described by Odeyemi and
Daramola (2000). All the treatments were
replicated three times.
Determination of viability of different maize

RESULTS
Morphological characteristics and seed
hardness of different maize cultivars
The physical characteristics and hardness of
different cultivars of maize is presented in
Table. 1. Eight out the eleven cultivars were
white and the remaining three were yellow in
colour. The hardness of all the cultivars ranged
from 1O.15N to 20.65N. Cultivar BR928-
DMRSRF2 was the hardest (20.65N) followed
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Each value is the mean ± standard error of three replicates.
Mean followed by different letter(s) in the same column are significantly different at
P < 0.05 by Tukey's b test.

Table 3: Oviposition of Sitophilus zeamais on
.eleven maize cultivars

Maize cultivars Average number of eggs laid

T2BRCOMP.F2 2.33a± 0.82

T2BRELD.3C4 O.OOa±0.00

IWDSTRC. 3.00a± (00

TPB-SRPOOLC3W 3.33a± 1.05

BR928-DMRSRF2 1.33a± 0.67

EVIWFSTRC • l.33a± 0.67

T2BRCOMP.2F 2 2.00a± 0.86

LNTP-YCsF2 8.33b± 1.54

BR9943-DMRSF2 8.00b± .63

BR92-DMRSRF2 3.67a± 1.16

LNP-WXLNTPCIF2 3.00a± 1.00

.Each value is the percentage mean ± standard error of three
replicates. Mean followed by different letter are significantly
different at P < 0.05 by Tukey's b test.

by cultivars T2BRELD.3C4 and IWDSTRC •
with 19.50N and 18.35N respectively. The
softest was BR9943-DMRSRF2. The heaviest
(0.3380) was cultivar T2BRCOMP.2F2. The
grain length ofthe cultivars ranged from 9.178
mm to 11.700 mm.

Table 2 shows the proximate
composition of the eleven maize cultivars
tested. The ash content of the cultivars ranged
from 1.125% to 3.707%, cultivar BR9943-
DMRSF2 has the highest ash content while
cultivar T2BRCOMP.F2has the lowest. The
highest (8.32%) and lowest (6.60%) moisture
content were observed in cultivars BR928-
DMRSRF2 and T2BRELD.3C4 respectively ..
The protein content ranged from 5.92% to
11.855% in which cultivar EVIWFSTRC. had
the highest and T2BRCOMP.F2 the least.
Cultivar T2BRCOMP.F2 had the highest
carbohydrate content (75.88%) and the lowest
(10.60%) was observed in cultivar
EVIWFSTRC •. The crude fibers and fat
content of the cultivars ranged from 1.384% to
2.812%, and from 5.310%· to 10.477%
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Table 4: Growth Performance of the maize weevil, Sitophilus zeamais on eleven maize cultivars

Cultivan Mortality Survival Damaged Undamaged ToW seeds Weight of Weight loss % grain . % weight loss

leeds seeds frasslpowder(g) (g) damage

T,BRCOMP.F, 4.66T*I.202 19.66"* 7.859 26.134·* 12548 171.66r* 10.667 200.000'* 17.616 0.333'± 1.007 0.82r±0.055 13.067'± 2.603 1.653·± 0.742

T,BRELD.3C. 13.667'* 1.453 3.333'* 1.453 5.263'± 1.356 \79.Mr± 2.333 185.000'±4.041 O.OOT±0.000 0.020'± 0.035 2.84I'±2.603 0.24O'± 0.283

IWDSTRC, 7.333·*0.333 3.000'± 0.577 9.000'± 1.732 I62.Mr± 2.028 171.66T±3.180 O.roT± 0.003 0.033'± 0.007 5.2IT± 1.319 0.06T± 0.153,
TPB-SRPOOLC3W 7.66"-* 0.333 3.000'± 0.577 7.5or± 2.082 147.Mr±31.317 153.66T±29.237 0.0 IO'± 0.000 0.073'± 0.032 4.925'± 1.282 0.147'± 0.224

BR!l23-DMRSRF, 13.000"±0.000 2.66T±0.333 6.333'* 1.202 191333"±2.728 197.66T± 2.404 0.010'± 0.000 O.06T± 0.024 3.154'± 1.025 0.133'± 0.208

EVIWFSTRC, 9.000""±3.055 28.667'± 387 29.Mr± 10.868 121.Mr± 33.208 158.000'± 36.428 0.073·± 0.032 0.893·±0.494 17.447'±2.412 1.7Br±0.772

T,BRCOMP.2F, 9.66"'" ± 3.180 4.667'±0.882 14.333·± 3.528 159.000"± 3.000 154.667'± \7.247 0.020'±0.006 0393·± 0.364 10.03r± 1.829 0.7sr± 0.513

LNfP·YC,F, 6.333·* 0.882 45.000"± 24.477 73.000'± 33.724 105.333'±29.790 175.000'± 6.658 0.14r±0.75 3.510'± 1.743 40380'± 3.669 7.020'± 1.530

BR9943·DMRSF, 10.667"'± 1.764 52.667'±21.166 86.000'* 56.312 127333·*31.977 196.667'± 36.361 0.163"± 0.074 2.097' ±O.533 37.228"±3.569 4.193"± 1.182

BR92-DMRSRF, 10.333w± 1.667 5.333'± 1.202 20.333· ± 2.404 127.000"± 28.148 147.333'± 29.689 O.OI3'± 0.003 0.333·± 0.198 14.74OO"'± 2.217 0.Mr±0.473

LNP.WXLNJPC1F, 6.333·* 0.882 36.000'±4.163 44.333'± 15.036 166.000"*21.548 210.833'± S.92S 0.~±O.021 1~±O.26S 21.541"±2.679 O.3W±l.ooo

Each value is the mean ± standard error of three replicates.
Mean followed by different letter(s) in the same column are significantly different at
P < 0.05 by Tukey's b test.

Table 5: Comparative viability (%) of infested
and un-infested maize cultivars

respectively, with cultivar T2BRELD.3C4

having the highest percentage fat, while the
lowest fat was recorded in cultivar BR9943-
DMRSF2,

Maize cultinrs Infested Un-infested t-value (P)

T2BRCOMP.F 2 50.00 ± 4.10 98.00 ± 2.04 -2.423**

T2BRELD.3C. 96.00 ± 3.35 100.00 ± 0.00 -2.04Ins

IWDSTRCI 91.00±3.727 96.00± 1.16 -2.026ns

TPB-SRPOOLC3W 93.00 ±3.65 98.00± 1.00 -O.984ns

BR928-DMRSRF2 83.00±4.21 88.00 ± 2.56 -2.06Ins

EVIWFSTRC1 5 1.00 ± 3.80 100.00 ± 0.00 -2.425**

T2BRCOMP.2F 2 44.00 ± 3.85 100.00 ± 0.00 -2.557**

LNTP·YCsF2 15.00 ± 2.28 95.00±0.86 -2.691***

BR9943-DMRSF2 53.00 ± 1.00 90.00± 1.00 -2.425**

BR92-DMRSRF2 54.00 ± 4.26 98.00± 1.60 -2.519**

LNP-WXLNTPCIF2 32.00± 3.23 92.00 ± 1.14 -2.684***

Comparisons of the distribution of the rank sum were
obtained using Manu-Whitney non-parametric tests (n =
5, -, P<0.05; **, P<O.Ol; ***, P<O.OOl; ns = not
significant).

Oviposition preference ofS. zeamais on
different maize cultivars
There were significant differences (F 10, 22=
·7.514, P = 0.001) in the number of eggs
oviposited by S. zeamais on the 11 cultivars
studied. Results showed that more eggs, 8.33
and 8.00, were laid on cultivars LNTP-YCsF2
and BR9943-DMRSF:z, respectively, than on
other cultivars. No egg was laid on cultivar
T2BRELD.3C4 (Table 3).

Growth performanceofS. zeamais on different
maize cultivars
The results of the growth performance of S,
zeamais on eleven maize cultivars are
presented in Table 4_ Survival of S. zeamais
was significandy (F•. n = 84.349, P = 0.001)
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affected by the maize cultivars. Fewer weevils
survived in cultivars IWDSTRC1 TPB-
SRPOOLC3W, BR928-DMRSRF 2,

T2BRCOMP.2F2 and T2BRELD.3C4 than in
other cultivars assessed. The highest survival
(52.67) was in cultivar BR9943-DMRSF 2.

The percentage grain damage was
relatively low, 2.84, 3.15, 4.93 and 5.22 in
cultivars T2BRELD.3C4, BR928-DMRSRF 2'

TPB-SRPOOLC3W, and IWDSTRC 1

respectively, while the following cultivars:
LNTP-YCsF2, BR9943-DMRSF2, LNP-
WXLNTPCIF2 and EVIWFSTRC1 with
40.38%, 38.23%, 21.54% and 17.45%
percentage damages, respectively, were more
susceptible to S. zeamais infestation .

Seed viability
Comparative viability of the eleven maize
cultivars (infested and un-infested) is
presented in Table 5. Generally, un-infested
cultivars (control) had the highest viability
and this was significantly different from the
viability observed in infested cultivars, except
in cultivars T2BRELD.3C4, BR928-
DMRSRF2, TPB-SRPOOLC3W, and
IWDSTRC1 where germination was not
significantly different from those of the un-
. infested control grains (Table 5).

DISCUSSION
The results obtained from this study showed
that cultivar LNTP-YCsF2 was the most
susceptible to S. zeamais attack because it
recorded the highest percentage grain damage
(40.38%), highest percentage weight loss
(7.02%) and highest oviposition preference.
Susce~tibility of cultivar LNTP.YCsF2 to S.
zeamais attack could be attributed to its soft
testa which could easily be damaged by the
beetles.
The lowest growth performance: percentage

weight loss (0.02%), percentage damage
(2.84%) and oviposition was observed in
cultivar T2BRELD.3C4, Several factors could
be responsible for the resistance of stored
produce to attack by insect. Factors such as
hardness of testa, colour, and sugar content
were reported to contribute to resistance
(Singh and McCain, 1963; Dobie, 1974).'
Other factors include increased phenolic and
ferulic acid content (Ashamo, 2001; Amason
et al., 1994, 2004). Resistance offered by
hardness of grain has been reported. Dobie
(1974) working on S. zeamais infestation on
maize, reported that the harder the grain, the.
fewer the eggs deposited on it. It was observed
from this study that the cultivars:
T2BRELD.3C4, IWDSTRC1, and BR928-
DMRSRF2 that had low percentage grain
damage also had high kernel hardness.
Physical characteristics such as texture size,
and thickness of the grain have also been
linked to resistance to S. oryzae in rice
cultivars (Dobie, 1974, 1977). Singn and
McCain (1963) reported in their work on
weevil infestation that in addition to hardness ,
there was a positive correlation between
higher sugar and starch levels with weevil
numbers and weight. Other factors
determining susceptibility of maize cultivars
include size of the kernel and moisture content
(Falomo, 1981).

In terms of weevil survival, cultivars
IWDSTRC1, TPB-SRPOOLC3W, BR928-
DMRSRF2, T2BRCOMP.2F2 and
T2BRELD.3C4 had low number of adult
weevils surviving on them. This indicates that
the insect found it difficult to attack the grain
and could not survive in these cultivars
probably due to grain hardness or the presence
of some alkaloids or amino acids in the
cultivars.

In conclusion, cultivars T2BRELD.3C4,
andBR928-DMRSRF2 were the most resistant
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of the vaneties tested, while cultivar
LNTP.YC5F2 and BR9943-DMRSRF2 were
the most susceptible to S. zeamais infestation.
This shows that maize cultivars differ in their
susceptibility to S. zeamais. Therefore, maize
cultivars such as T2BRELD.3C4, and BR928-
DMRSRF2 with high degree of resistance to S.
zeamais attack could be cultivated by farmers
to reduce S. zeamais damage to maize.
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